Abstract: This paper presented the compressive strength of geopolymer paste with different NaOH concentration and morphology analysis for sintered artificial aggregate. This artificial aggregate was produce based on mix design with highest compressive strength which is 12 M. The sample was cured at 70˚C for 24 hours and then it was exposed to different temperature at range 500˚C to 700˚C. Scanning Electron Microscopy (SEM) has been used to identify the formation of microstructure. The geopolymer artificial aggregate was an alternative ways to produce a greener environmental. In this study, the compressive strength for different Na 2 SiO 3 /NaOH ratio has been analyzed. The morphology for best mix design then were analyze for different curing temperature. The result shows fly ash based geopolymer paste with 12 M of NaOH concentration shows excellent result with 7.30 MPa at 2.5 ratio of Na 2 SiO 3 /NaOH and for geopolymer artificial aggregate, when temperature of heat treatment increased, the open porosity of porous geopolymer surface decreased.
Introduction
Concrete was widely being use as primary material in construction industry where ordinary Portland cement (OPC) was used as the main binder. However, the environmental issues associated with the production of OPC are well known where it released large amount of carbon dioxide during the manufacturing of OPC due to the calcinations and combustion of fossil fuel [1, 2] . In order to overcome the global warming issues caused by production of OPC, several solutions have been introduced such as the utilization of fly ash [3] . The fly ash was used to produce geopolymer concrete where it was more environmental friendly compared to OPC.
The application of geopolymer in industry had been widely applied including as high strength concrete [4] [5] , lightweight concrete [6] , fire resistant, mortar, bricks, artificial reef and so on. These applications are eco friendly and will overcome the issues of air pollution and all the issues that related to the pollution beside reversed nature of earth. To produce an environmental friendly concrete, some researcher suggested using the industrial by products such as fly ash to minimize the carbon dioxide emissions [7, 8] . The fly ash was obtained from coal power plant and it was widely available worldwide. This paper investigated the effect of sintering temperature to the fly ash based geopolymer as artificial aggregate.
MATERIALS AND EXPERIMENTAL PROCEDURES

Materials
Fly ash was obtained from Kampar power plant, Perak where it was collected by mechanical or electrostatic separators from the flue gases of thermal power plants. The fly ash particle was spherical form and this shape improved the flow ability and reduces the water demand [9, 10] . Sodium silicate (Na 2 SiO 3) or known as water glass was obtained from South Pacific Chemicals Industries Sdn. Bhd. (SPCI), Malaysia. It contained 30.1% SiO2, 9.4% Na2O and 60.5% H2O (modulus, SiO 2 /Na 2 O = 3.2), specific gravity at 20ºC = 1.4G/cm 3 and viscosity at 20ºC = 0.4 Pa s. The sodium silicate in liquid form was used because powdered water glass leads to lower performance compared to the liquid form [11] .
Sodium hydroxide (NaOH) in pellets form with 99% purity and distilled water was used to produce NaOH solution. Sodium cations are smaller compared to potassium cations and can migrate throughout the geopolymer paste chain with much less effort promoting better zeolitization [12] .
Experimental procedure
For geopolymer paste, NaOH was prepared with three different concentrations which are 10 M, 12 M, and 14 M. The alkaline activator was produced by mixed NaOH and Na 2 SiO 3 solution together. After that, the activator solution was mixed together with fly ash and stirred until homogeneous solution was obtained. The mix design detailed was showed in Table 1 below. The ratio of fly ash/alkaline activator was 2.5 and constant for all samples. The geopolymer paste was mold in cylinder shape with height 2.8 cm and diameter 2.2 cm. It was cured at 70˚C for 24 hours and undergoes aging process for 28 days. The compressive strength was performed on geopolymer paste samples using Universal Testing Machining (UTM) with speed rate is 3 mm/sec. For the geopolymer artificial aggregate, the ratio of fly ash /alkali activator also 2.5 and ratio Na 2 SiO 3 /NaOH is 2.5. The 12 M NaOH concentration was used in this study. The geopolymer aggregate was curing at 70˚C for 24 hour before undergoes sintering process. Sintering process was conducted at four different temperatures ranging from 500˚C to 700˚C for 3 hours. Then, the microstructure of artificial aggregate was performed by using SEM after sintering process.
Result and Discussion
Compressive Strength of geopolymer paste with different NaOH concentration Figure 1 showed the compressive strength of 10 M, 12 M and 14 M of NaOH. For 10 M of NaOH concentration, the compressive strength increased gradually from 1.5 MPa to 2.86 MPa at ratio Na 2 SiO 3 /NaOH of 0.5 and 1.0. However, the compressive strength at ratio 1.5 decreased to 0.8 MPa which is the lowest strength due to porous geopolymer paste during sample preparation. Meanwhile, the compressive strength increased at ratio Na 2 SiO 3 /NaOH of 2.0 to 2.43 MPa and achived an equilibrium starting 2.5 ratios. This is because compressive strength increased depends on the nature of the complex chemical geopolymerization process [13] . For 12 M of NaOH concentration solution, the compressive strength at ratio 0.5 was 2.04 MPa and it was gradually increased until ratio 2.5. Nevertheless, at ratio 3.0 the compressive strength was decreased to 6.30 MPa. The relationship of Na 2 SiO 3 /NaOH ratio was directly proportional to compressive strength up to ratio 3.0. This is due to silicate species which lead to increasing in the ratio of SiO 2 /Al 2 O 3 and geopolymer paste strength as showed in Figure 1 . With increasing SiO 2 /Al 2 O 3 ratio, more Si-O-Si bond was formed, which is stronger compared to Si-O-Al bonds [13] . In addition, 14 M NaOH concentration showed the compressive strength was increased from 0.5 ratio of Na 2 SiO 3 /NaOH (2.5 MPa) to ratio 1.0 (3.42 MPa). Ratio Na 2 SiO 3 /NaOH of 1.5 showed decreasing in compressive strength which is 2.5 MPa. After that, the compressive strength was slightly increased from ratio 2.0 until 3.0. A high amount of sodium silicate ratio in a mixture was found to produce geopolymer concrete with large pore sizes and caused low compressive strength [14] . Figure 2 (a)-(c) showed the microstructure of aggregate sintered at 500 ˚C, 600˚C and 700˚C. The microstructure of aggregate sintered at 500 ˚C obviously showed unreacted and partially reacted fly ash particles with different size [15] [16] . This sample also shown more porous microstructure compared to aggregate sintered at 600 ˚C (Figure 2b ). Besides that, geopolymer matrix and pore also was observed in Figure 2(b) . Meanwhile, when the sample was heated at 700 ˚C microcracks and hollow cavities was observed.
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Microstructure analysis for sintered artificial aggregate
The open porosities of porous geopolymer were decreased with increasing heat treatment temperatures. In figure 2 (c) showed the hollow cavities due to spaces left behind by dissolved fly ash particles. Porosity is caused by different developments of microstructure skeletons in the porous geopolymer. The solid-to-liquid ratio affects the volume of voids and porosity in the geopolymer which directly influences the strength of geopolymer [14] .
Acar et al. was reported in that the fly ash-based geopolymer that were sintered at low temperature produce low matrix composite with low density, high water absorption and poor mechanical properties [17] . Even though, the same roughness and granular surface was determined when the samples was introduced to high and low sintering temperature. The characteristics of was found at the samples that were introduced to high sintering temperature is higher density, lower porosity and water absorption with better mechanical properties. 
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CONCLUSION
From this research it can be concluded that: a) Fly ash based geopolymer paste with 12 M of NaOH concentration shows excellent result with 7.30 MPa at 2.5 ratio of Na 2 SiO 3 /NaOH. b)
For geopolymer artificial aggregate, when temperature of heat treatment increased, the open porosity of porous geopolymer surface decreased.
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